Different methods can give different results for the same analyte, and inconsistent answers may be obtained ifsuch results are used in linear discriminant functions. This is an important factor to consider when transporting linear discriminant functions from one laboratory to another; the example of alkaline phosphatase activity and the differential diagnosis of hypercalcaemia has recently been given. This study shows that results obtained by the method recommended by the Scandinavian Committee on Enzymes for alkaline phosphatase may be used in the calculation of the discriminant functions used for the differential diagnosis of hypercalcaemia and considers other factors that may affect the discrimination. It is concluded that, with care, linear discriminant functions may be transported from one laboratory to another. Linear discriminant functions calculated according to Fraser et al. 2 used the following coefficients: Phos-Loll Chloride BJC Loll phate ALP carbonat« Urea
Results
The correlation coefficient was 0,985, residual standard deviations were 34· 8 1·8 KAU.
The laboratory changed from conventional to SI units on 1 April 1979. There was also a change in the method for measuring ALP; up to that time, 30 samples had been processed for linear discriminant functions and the ALP activities had been reported in KAU. Since then there have been 38 samples for which ALP activities were obtained in IU.
In order to use the linear discriminant of Fraser et al.,2 it was necessary to convert SI units back to conventional units and to convert ALP results Two hundred and six samples of serum were analysed by the Kind and King'' and the SCE7 methods for ALP. The results were expressed in King Armstrong units (KAU) and international units (IU) per litre, respectively. The two regression lines were calculated, and the equations for the two lines are as follows: IU
Material and methods Phosphate was measured by the method of Gomorri, 4 which uses Metol as the reducing agent in the formation of molybdenum blue.
Alkaline phosphatase was measured originally by the method of Kind and King," modified for use on AutoAnalyzer I systems by Technicon Instruments Limited." After the laboratory's change to SI units, ALP was measured according to the recommendations proposed by the Scandinavian Committee on Enzymes (SCE)7 using an LKB 8600 reaction rate analyser.
Chloride, bicarbonate, and urea were measured on a Technicon SMA 6/60 analyser according to the maker's recommended procedures,"
Concern has been expressed! that the method of linear discriminant analysis for the differential diagnosis of hypercalcaemia described by Fraser et al. 2 3 may give incorrect answers if the results for alkaline phosphatase activity (ALP) in serum are obtained by methods other than that described by the original authors.
We intend to show that the linear discriminant functions described above may be transported to other laboratories provided one ensures that the critical components of the functions behave in the same way as in the originating laboratory. We have used only the functions first described by Fraser et al.,2and our remarks are therefore confined to our experiences with these. mean square of the residual standard deviation and the between-batch standard deviation. Table I shows how the estimated total standard deviation increases with ALP activity. The between-batch standard deviation for the other four parameters used in the calculation of linear discriminant functions and obtained by means of equation 3 are shown in Table 2 . Figure 2 shows a point derived from the following results: phosphate 1 mrnol/l, ALP 400 IU, chloride 100 rnmol/l, bicarbonate 30 mmol/l, and urea 10 mmol/l. The radiating lines indicate the direction and magnitude of an increase in one of the results used in the computation of the linear discriminant functions for that point. obtained in IU to KAU. The latter were estimated using equation 2, the standard deviation of this estimate being 1·8 KAU. To evaluate the effect of the residual standard deviation, the linear discriminant functions were calculated using the estimated ALP activity plus and minus twice the residual standard deviation. Pairs of points described by the linear discriminant functions derived in this way are shown in Figure 1 . This and subsequent figures are based on those given by Fraser et al. 2 The between-batch precision for ALP measured over a period of two years was of the order of 2~~. This was estimated by using the following equation:
Holland and Jacobs
where s is the standard deviation, d is the difference obtained on re-analysing a sample in the next batch, 1·13 is a factor for a sample size of 2 (see Brownlee-') and n is the number of differences summed. The overall precision can be assessed by taking the root In Fig. 3 are plotted the results for repeat estimations for nine patients; this shows how the linear discriminant functions may vary with time.
Discussion
The factors affecting the transportability of linear discriminant functions may be broadly divided into methodological relevance of the reference population and analytical and intra-patient variation. Our experiences with linear discriminant functions have been confined to those described by Fraser et a[.2 which does not include the ESR. We used to use the same analytical conditions as the original authors but the change from conventional to SI units and the adoption of the recommendations of the Scandinavian Committee on Enzymes led us to change our method for measuring ALP. The introduction of the new ALP method involved comparing the results obtained by both old and new methods for the same sample. This procedure enabled the two expressions for the regression lines to be calculated. From equation lone can see that results expressed in IV are approximately 20 times as great as those in KAV. This is a result not only of a change in units but also of a change in the reaction conditions. Compare this with the direct conversion of KAU (mg phenol per 100 ml per 15 min) to IV (umol phenol per min (per litre)) for which the factor is 7.1. These examples show that there may be at least a threefold variation of ALP results, depending on the method used. To cite another example, Healy and Fraser-" received a complaint about the nonreproducibility of their results from a worker who had used BVN in place of urea and commented on the uncritical acceptance by others of functions containing obvious printer's errors. When transporting linear discriminant functions to another situation, it is, therefore, necessary that the users are given sufficient information about the methods together with the relevant function equations so that they can be certain that the answers they obtain are the correct ones.
It is also important to ensure that, where a change of method has taken place, the two methods are related to each other in a linear fashion. If this is not the case, then a simple transformation of one result to another cannot be made. One must then find a suitable mathematical expression or use a conversion table. Neither of these methods is wholly satisfactory, and steps should be taken to find the cause of the non-linearity. For instance, comparison of results obtained using %T and absorbance would be acceptable because of the known physical relationship between the two parameters. However, non-linearity in comparing enzyme methods because 49 of substrate depletion in one system but not in the other would not be acceptable.
When results obtained by one method are to be converted by means of a linear regression equation the scatter of the points originally used to calculate the regression equation leads to a degree of uncertainty in the conversion. This uncertainty is expressed by the residual standard deviation.
Therefore 95 % confidence limits for the conversion will lie between plus and minus two residual standard deviations about the converted result.
The effect of the residual standard deviation of I· 8 KAV on the linear discriminant functions of Fraser et al. 2 may be seen in Figure 1 . It is greatest for low values of ALP, and in certain cases even the esitmates lie outside Fraser's circles of confidence. However, the problem with this particular discriminant analysis is to distinguish between parathyroid and non-parathyroid disease, and this is mainly a function of the first discriminant function which is affected primarily by phosphate and urea and hardly at all by ALP. Therefore the uncertainty in the conversion of ALP from IV to KAV will scarcely affect this differentiation.
There is a problem, however, when evaluating hyperparathyroid patients with or without bone disease where there is a considerable overlap between the two circles of confidence A and B. ALP, bicarbonate, and chloride results influence the second discriminant function. Although the residual standard deviation considerably affects it for low ALP activities, the error for high values of ALP is very much reduced because the logarithm of the ALP activity is used in the calculation. Thus there is a greater confidence that a point is correctly placed when it falls in circle B than when it falls in circle A.
Fortunately, the measurements of phosphate, chloride, bicarbonate, and urea concentrations are not susceptible to the problems one meets in enzyme analyses where enzyme activities depend on the reaction conditions used and so there is therefore no 'correct' value for ALP activity. However, where two or more enzyme method conversions are involved, the errors associated with the linear regressions may be too great for the derived linear discriminant functions to be of any value. An example of this could occur with the method described by Fisken et a/ 12 in which ALP and aspartate amino transferase (AST) are used with other parameters to calculate a single linear discriminant function. Increases in these enzymes oppose each other in the differentiation between primary hyperparathyroidism and malignant cases. If this function was used in the situation where ALP and AST were measured by other methods and the results were converted. the uncertainties introduced by the residual standard deviations would worsen the discrimination. One would then need to ascertain whether or not the deterioration in performance was acceptable.
The relevance of the reference population may be studied from two viewpoints. Firstly, the contribution made by different ethnic groups may profoundly affect the reference range for a given assay. Thus Baron" described the reduced peak acid output seen in Indian men compared with westerners after stimulation of gastric juice production with histamine. Another example is the study by Robinson and Williams,lo who showed that the Maasai of East Africa have low circulating plasma cholesterol and high density lipoprotein (HDL) compared with Europeans and other Africans. It is therefore important that the behaviour of the parameters used in the calculation of linear discriminant functions should be known with respect to different ethnic groups to determine whether or not these functions can be used at all. Secondly, other factors may affect the results obtained for a particular patient. An elevated ALP activity may be seen in adolescents, pregnant women, and patients with diseases of the liver and bones. Fraser et al. 2 commented that underlying disease may make the discrimination between parathyroid and non-parathyroid disease difficult, and this may be why Fisken et al. 12 needed to usc 18 parameters to produce a linear discriminant function which, they say, improves the discrimination between hyperparathyroid and malignant cases. The interpretation oflinear discriminant functions should therefore be done with care, taking into account all aspects of the patient's condition and paying due regard to any methodological changes from the original description. Table 2 shows the between-batch standard deviations obtained in this laboratory for the four non-enzyme parameters that Fraser et al. 2 used. Figure 2 shows how changes in anyone of these parameters will affect the linear discriminant functions. It may be seen that the contribution by analytical variation to the linear discriminant functions is very small. Intra-patient variation shows changes in both the first and second discriminant functions. While some of the variation in the second function must be due to the residual standard deviation, Fig. 3 shows that the functions for a given patient certainly change with time. The greatest movement was seen in two patients in circle C. One patient with carcinoma of the breast and boney metastases moved from left to right after a deterioration in renal function. The other moved from right to left as a result of attempts to lower the plasma calcium level. A carcinoma of the pharynx was found at operation in this case Of the patients inhabiting circles A and B. three
Holland and Jacobs are known to have primary hyperparathyroidism. A fourth was a case of acute pancreatitis whose plasma calcium level rose from 2·47 mrnol/l on the night of admission to 2'7 and 2·68 mmol/l 12 days later. A fifth patient had a vagotomy and pyloroplasty in 1972 with a persistently raised plasma calcium concentration. There is nothing apart from the linear discriminant functions to suggest hyperparathyroidism in this case. The sixth case starts on the extreme left, outside circle A. This patient had had joint pains for most of her life and these had become more severe during the few weeks before her admission. Her hypercalcaemia was associated in time with her taking calcium aspirin, and she had been relatively symptom-free for five years but has recently returned for reassessment.
The foregoing examples again emphasise the care which must be taken in interpreting these linear discriminant functions and also show that it may be necessary to assess the functions on several occasions before assigning a patient to a particular category. Conclusion We have shown that, in our hands, the method for the differential diagnosis of hypercalcaemia using linear discriminant analysis described by Fraser et al. 2 can be transported to this laboratory and used with confidence.
We have indicated the areas that may affect the transportability for other linear discriminant functions and hope that this technique, through careful and intelligent use, will play a valuable role in the .diagnosis of disease.
